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doi:10.1016/j.pedneo.2011.05.012Background: Gastroschisis (GS) is defined as a full-thickness paraumbilical abdominal wall
defect associated with evisceration of fetal abdominal organ. Although the concomitant non-
gastrointestinal anomalies and aneuploidy are rarely presented, fetal growth restriction is
common. The aim of this study is to compare the primary and secondary outcomes of GS
between infants small for gestational age (SGA) and those appropriate for gestational age as
well as term and late preterm infants.
Methods: Chart records of neonates born with gestational age at or more than 34 weeks were
reviewed. All babies received repair procedure immediately after birth. SGA was defined as
birth weight for gestational age below the 10th percentile. The primary outcomes were the
length of hospital stay, duration of total parental nutrition used, and the surgical complica-
tions. The secondary outcome was the percentile of body weight at 6 months old.
Results: There were 21 babies diagnosed with GS from January 1990 to January 2010 at Kaoh-
siung Chang Gung Memorial Hospital. Four (19%) babies expired soon after operation. Nine
(53%) of the 17 surviving babies had SGA. Length of hospital stay, surgical complications,
and the percentile of body weight at 6 months old were significantly poorer for the SGA
compared with appropriate for gestational age group (p Z 0.005, 0.050, and 0.035). Further-
more, preterm neonates in SGA group had lower Apgar scores at 1 minute and 5 minutes than
did term neonates (p Z 0.045 and 0.031).of Pediatrics, Division of Neonatology, Kaohsiung Chang Gung Memorial Hospital, 123, Ta Pei Road,
.tw (H.-C. Huang).
an Pediatric Association. Published by Elsevier Taiwan LLC. All rights reserved.
220 I.-L. Chen et alConclusion: SGA commonly occurred in GS cases and it was associated with longer hospital
stay, more operative complications, and less body weight gain. Our conclusion may provide
informative data to parents of GS fetuses during prenatal consultation, and reminds us that
long-term follow-up of these cases could be necessary.
Copyright ª 2011, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
Gastroschisis (GS) occurs in from 1 to 5 per 10,000 live
births. Owing to older maternal age and transforming
geographical environments, there has been an upward
trend of GS observed in recent decades.1e4 Fortunately, the
survival rate of GS is high among diseases of abdominal wall
defect, around 90%, because of its rare presentation with
other structural anomalies.2 In spite of this, the fetal
growth restriction is still common, occurring in one to two
thirds of fetuses, because of loss of protein and fluid across
the exposed bowel.5 Previous data revealed that preterm
delivery, low birth weight, delayed surgery, and delivery
outside the tertiary center could lead to poor outcomes in
GS babies.6e8 Although infants with GS often have fetal
growth restricted, data regarding the long-term follow-up
of these infants are few. We therefore analyzed GS babies
who were small for gestational age (SGA) compared with
those who were appropriate for gestational age (AGA) as
well as term and preterm babies from the data in our
hospital to understand the impact of SGA and gestational
age (GA) on these infants.
2. Patients and Methods
We retrospectively reviewed the medical records of
neonates admitted from January 1990 to January 2010 with
GA at or more than 34 weeks at Kaohsiung Chang Gung
Memorial Hospital, a tertiary neonatal center in southern
Taiwan. Diagnosis of GS was identified by the International
Classification of Diseases (ICD 9 code 756.7), and compli-
cated cases were excluded. Approval to conduct this study
was obtained from the Institutional Review Board of our
hospital.
SGA was identified as birth weight for GA below the 10th
percentile.9 GS neonates with any other combined
congenital anomalies were excluded. All surviving infants’
clinical data were reviewed, such as mode of delivery,
inborn or outborn, systolic and diastolic blood pressure at
admission, Apgar scores at 1 minute and 5 minutes, birth
body weight (BBW), GA, GA on diagnosis, and the methods
of operation. Furthermore, patients’ laboratory data at
admission, such as arterial blood gas, asparatate amino-
transferase, blood sugar, and complete blood count, were
also recorded. The primary outcomes of these infants,
such as the length of hospital stay (LOS), duration of
total parental nutrition, and surgical complications, were
collected. The secondary outcomes were also collected
from the outpatient department records including the
percentile of body weight at 6 months old and any other
complications if presented.This study focused on the comparison of outcomes
between SGA and AGA groups, and term and preterm
groups. Univariate analyses of continuous and binary vari-
ables were made with Kruskal-Wallis test and Pearson’s c2
test, respectively. The outcomes were compared between
SGA and AGA groups by Mann-Whitney test for the contin-
uous risk factors and Fisher’s exact test for categorical risk
factors. For all tests, p values of 0.05 were considered
statistically significant.
3. Results
From January 1, 1990 to January 1, 2010, there were 24
babies diagnosed with GS admitted to our hospital, and all
received surgery immediately after birth. Twenty-one
babies met our inclusion criteria, of whom 15 (88%) were
diagnosed by means of prenatal ultrasound. Four babies
(19%) expired later after the operation. Two of the deaths
were caused by gastrointestinal complications; one had
bowel perforation and the other one had surgery-related
biliary atresia. The other two babies died because of
respiratory failure and sepsis. Of the surviving 17 infants,
11 (65%) were late preterm ones who were born between
34 and 36 weeks of gestation.
Based on the percentiles of BBW by GA, there were nine
babies who had SGA and eight with AGA. Based on GA, we
further divided both SGA and AGA groups into sub-groups of
term and preterm. The demographics and clinical charac-
teristics in these four groups of patients are described in
Table 1. There were significant differences among these
four groups on Apgar scores at 1 minute and 5 minutes
(p Z 0.028 and 0.026), respectively. We further compared
each pair of groups, respectively, among these four groups
and found preterm groups had lower Apgar scores at 1
minute and 5 minutes than term in SGA infants (p Z 0.045
and 0.031), respectively. However, GA on diagnosis, inborn,
gender, the method of operation, and systolic and diastolic
blood pressure had no significant relation among these
four groups. All other laboratory examinations were also
performed at admission, and we found no significant
difference among these four groups, including pH, PaCO2,
PaO2, HCO3 and base excess in arterial blood gas, aspar-
atate aminotransferase, blood sugar, white blood cell
count, the percentage of segment plus band form of white
blood cell, nucleated red blood cell count, and platelet
count.
The primary and secondary outcomes in the SGA and
AGA groups are described in Table 2. There was no signifi-
cant difference in the GA between these two groups
(p Z 0.277). In the primary outcome, LOS in the SGA
group was significantly longer than that in the AGA group
Table 1 Comparison of demographics and characteristics between SGA and AGA infants
Variables SGA (n Z 9) AGA (n Z 8) p
Pre-term (n Z 7) Term (n Z 2) Pre-term (n Z 4) Term (n Z 4)
GA (wk) 35.29  0.75 37.5  0.70 35.25  0.95 38.00  0.81 0.009
BBW (g) 1910.43  275.54 2078.50  143.54 2577.50  380.38 2996.25  245.40 0.005
Gender (M/F) 2/5 0/2 2/2 2/2 0.575
Mode of delivery (C/N) 5/2 1/1 1/3 2/2 0.525
In/out born 6/1 1/1 0/4 2/2 0.272
1-min A/S 6.57  0.78 8.50  0.70 7.50  1.00 8.67  0.57 0.028*
5-min A/S 8.14  0.69 10.00  0.00 9.00  0.82 9.67  0.57 0.026*
GA on diagnosis 25.17  10.00 28.5  12.02 21.75  6.45 27.5  10.08 0.575
Method of surgery (P/S) 2/5 1/1 2/2 3/1 0.525
Data was collected at admission to neonatal intensive care unit. The values are presented as mean  standard deviation. Kruskal-Wallis
test was used for the continuous risk factors. Pearson’s c2 test was used for categorical risk factors.
*A p value 0.05.
A/S Z Apgar score; AGA Z appropriate for gestational age; BBW Z birth body weight; C/N Z Cesarean section/Normal spontaneous
delivery; GAZ gestational age; M/FZMale/Female; nZ number; P/SZ Primary closure/Stage closure; SGAZ small for gestational age.
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related to surgery in the SGA compared with the AGA group
(p Z 0.05). The surgical complications included two of
wound infection, two of bacteremia, three of sepsis, one of
peritonitis, one of stricture bowel and one of necrotizing
enterocolitis. In the secondary outcome, the percentiles of
body weight were divided into six groups: <3rd, 3rde14th,
15the49th, 50the84th, 85the97th, and >97th, which were
marked as 0, 1, 2, 3, 4, and 5, respectively. We found that
the percentile of body weight at corrected 6 months’ age
was significantly decreased in the SGA group compared with
the AGA group (p Z 0.035).4. Discussion
Our study demonstrated that GS neonates with SGA had
increased number of surgical complications, longer hospital
stay, and decreased percentile of body weight at post-
corrected 6 months of age. Furthermore, GS neonates with
SGA and born in preterm deliveries had lower Apgar score
as compared with those born at term. Although previous
study had identified prematurity and low birth weight as
independent risk factors of morbidity and mortality in
patients with GS,10 elective preterm delivery was stillTable 2 Outcomes in SGA and AGA infants
Variables SGA (n Z 9)
Primary outcome
Days on TPN (d) 26.67  9.41
LOS (d) 44.43  8.04
Surgical complications (n) 6/9
Secondary outcome
Percentile of BW at 6 mo 0.43  0.20
The values are presented as mean  standard error. Mann-Whitney tes
used for categorical risk factors.
AGAZ appropriate for gestational age; BWZ body weight; LOSZ the
age; TPN Z total parental nutrition.recommended in many studies, because of the injurious
effects of amniotic fluid on the exposed bowel. Therefore,
elective preterm delivery was suggested that it might
facilitate surgical procedure and shortened the time to first
feeding associated with fewer complications and higher
incidence of primary closure.11,12 Conversely, preterm
delivery in GS had high morbidities, such as prolonging
hospital stay and delaying to full feeding.13,14 Recent
studies revealed that the average GA of spontaneous labor
in mothers of neonates with GS was 36.6 weeks,15 and the
term delivery was likely to minimize the morbidity,16 and
these findings were also confirmed by the study of Mills
et al.17 Our data revealed that the Apgar scores at 1 minute
and 5 minutes were lower in preterm infants, especially in
the SGA groups.
The BBW of babies with GS was significantly lower than
that of the general population caused by fetal intestinal
dysfunction.18 Unfortunately, low BBW could be an impor-
tant risk factor of high morbidity in GS patients. The
study of South et al reported that GS with SGA infants
were smaller and had lower neurodevelopmental scores
at 16 months old.19 On the contrary, Puligandla et al
concluded that their outcomes were similar to those of non-
SGA infants.20 In a circumstance of limitation in amount
of clinical reports to make an acceptable resolution, ourAGA (n Z 8) p
13.75  3.41 0.663
20.63  2.67 0.005*
1/8 0.050*
1.67  0.42 0.035*
t was used for the continuous risk factors. Fisher’s exact test was
length of hospital stay; nZ number; SGAZ small for gestational
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a predictor for poor outcomes, including the primary and
secondary ones. The GS infants with SGA had increased
surgical complications and longer hospital stay than did
AGA ones. Likewise, the percentiles of body weight at post-
corrected 6 months’ age were also decreased in the SGA
group. Taking all results into consideration, it may imply
that low BBW could be a risk factor for GS infants, and
preterm delivery could increase the perinatal insults in
these low BBW babies.
The growth of infants who are small for gestational age
seems to have various patterns. Hediger et al revealed that
the SGA infants appeared to catch up in weight in the first
6 months, but thereafter maintained a deficit of about
0.75 standard deviation units compared with infants who
were AGA.21 Furthermore, postnatal nutrition may influ-
ence the growth of SGA infants. The infants with SGA fed by
nutrient-enriched formula showed greater gains in body
length and occipitofrontal head circumference at 9 months
old and 18 months old than did the infants with SGA fed by
standard formula.22 We found that the percentile of body
weight at 6 months old was significantly poorer for the
children with GS and SGA compared with AGA. We should
pay more attention to the postnatal dietary of infants with
GS and SGA to prevent retarded growth in these cases.
Nevertheless, the limitations of our study lie in small
sample size and its retrospective approach. So a well-
designed prospective study is required to further analyze
the influence of GA and BBW on the prognosis of infants
with GS.
5. Conclusion
Overall, BBW might affect the outcomes of GS infants, and
lower Apgar score was noted in the SGA associated with
preterm delivery group. This finding supported that elec-
tive preterm delivery may not be recommended in SGA
groups. Our conclusion may provide informative data to
parents of GS fetus during prenatal consultation.References
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